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. Score Equating and Item,Resﬁohse Theory:
Some Practjcal Considerations

»

~) . Linda L. Cook

Daniel R. Eignor

t
Educational Testing Service

Introduction

~
«

Large scale testing programs are often involved in either of, two situatiops

that necessitate a consideration of the process of equating. In the first \h
’

Y

situatiow, a test has been constructeg to measure a particular aktribute, 2%
aptitude, or ability at some defined level of proficiency, and for a variety of %

Vo
reasons, most of them related .to test security, multiple forms of the test are

necessary. As well definei/dg a ¢eof content-and statistical specifications

st may be, it is usually impossible to construct multiple forms of the
. — . - .
testfat exactly the same difficulty level. Since students taking different test

or beging judged as masters or non-masters of the test content vis a vis a

M . . . v’ . ? i .
cut-okf point, it is critigal that a method of equating or rendering comparable,

the score the cut-off points, on multiple forms of a test be considered’?
When the forms to be equated test copntent at the same difficulty level, the

—_— I3 4 v I3 . 3
process has been referred to in the literature and in practice as ﬁé;lzontal

»
) R < - -
equating. ¢ -

N 3

‘In the second situation, the testing program is interested in establishing

. '
‘». N

a single scale that allows measurements to be compared for various levels of a

» [

defined aptributeﬂ’aptifude, or ability; there may or may not be multiple .

- ; e -
forms of the test at .the same level, ‘- For <instance, mdny of the commercially
- . . ' x b K

. 0

P e
¥
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marketed- test batteries have tests developed for various grade levels {for.
) , . . . . a
example, third, fifth, and sevéhth grade). Because aggregate scores are often
compared actoss levels (e.g., for ‘program evaluation purposes), it is critical
. X »

' . ~

that scorés obtained on the various levels of the test be équated, iae.; placed

. .
- on a common unﬁer}ying scale. This sort of equating, referred to as vertical

-
\

1

equating, is designed to convert to one single scale the scores on multiple

forms of a test each designed to measure a different level of the same attribute.

It should be noted that -the intended product of both horizontal and

.

vertical equating 1is obtained scores on multiple test forms t?;é are on the same

[ . , 1

scale. In the case of horizontal equating, the forms to be equated have been

,constructed to be.identical in diffitulty level but differ for unintended

reasons, while in vertical equating situations, the forms to, be equated have
: »
been intentionally constructed to differ, often substantially, in both content

.

and difficulty level. As Slinde dnd Linn (1977) point out, "It is no surprise

that the problem of vertical equatihg is substantially more diffiéult and

.

conceptually hazardous than that of hqfizpnéal equating."”
- * \
A commonly 'accepted way of viewing‘ehuating is that scores on two different

Eprms of a test may be considered equivalent if their frequency distributiond

for a particular group of examinees are identical. This type of equating,

. »”

referred to as equipercentilelsquating (see Angoff, 1971), can be accomplished
by setting equal raw scores on two forms of a test that have the same percentile
. . ¥
X
rank for the group of examinees. Such a process,lbleads to a consideration of

v s o : . .
the extent to which the test forms being equated differ in difficulty and the

. . ’/ . . I3 d
seffect this has on the shape of the raw score distributions when the same group

[N
.

of examinees takes both test forms. If the test forms differ considerably in

-
-

difficulty, the frequency distributions of the raw scores on the two forms will
. N .

v
- .

,‘/ ) . ‘ .

4
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. .dfffer considerably in shape. If the distributions of raw scores on the two

forms are forced té have the same shape (by‘gquipercentile equating), then the

raw score scale én one of Fhe‘forms must be stretched and condensed go the
extent that allgmoments of the distribution are transformed and thé resulting
relationship be;wéen raw scores on the two forms will be curv%Iinear. 1f, -
however, the éistg are ver§ similar in level of d;fficulgy, the shapes of the.

distributions should differ only in the first two moments when *

4
to the same group of examinees. To effect a change in only the

¢

first two moments, -thereby bringing the raw score distributions into coincidence,
* .

a litear tranéformggion’hay be used. The equating is done by setting equal.the

—

o

: Pl - kN . . .
standard deviates for scpres on the two test forms, resulting in an equation

.
< .

which expresses, the

forms. Of coursel

result in a linear relationship between raw sc4res on the two test forms, i.e.,

equipercentile methods applied to two_raw scoLe distributions that differ only

in their firﬁf and second moments will transform only these moments. Evident
- L

from this discussion is that equiperentile methods should be used for most

E

‘- ‘ - . . ; .
vertical equating situations (i.e., the. raw score distributions on the two ﬁér@s

: i 4 ;/
differ in more ;hén the first and second moments), whereas linear or equiper-

——

-

centile methods may be appropriate for horizontal applications. Jaeger (1981)
: ‘ o w . ;
has offered some procedures for choosing'between linear and equipercentile

methods in horizontal equating sjtuatjons. .
3 : ‘

A Y

Q‘;.j/".fi\ should be,potqﬁ that, "in the ag%ve discussion, Ehe same groyp of

<o TR

‘examinees were considered to havé ¥aken both test forms, fiereby controlling

L le s
vy B

Voo N o T . ‘s . . - :
‘e for’ the possible differences in ability of jthe groups involved in the equating

. ' , ,
\*J/Lrocess. In reality, it is usually not the case that the same group takes

’

. ’ 4
-

.
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. " both forms,® Usually dlfferent groups or samples of examinees of potent1a11y
'd1ffer1ng abilities take test forms of varying degrees of d1ff1cu1ty "A .
" common item block or anchor test is administered as a,portion of, or along with, "
M <L i

theach form as a measure of .the diffetence in ability between the two groups. It
1, 'l . - td _

®
"is this situation differences in test difficulties "contaminated" by differ-=

v

ence$ in examinee ab®lities that has profound implicatjons for the use of
L4 H

- -- ) » . I3 I3
traditiomal equating methods, particularly when forms of quite different diffi-
. culties are given to grbups or samples that_are quite disparate in ability (the /
usual vertical equa'ting situation). Slinde and Linn (1977) have ‘i,cuss'ed in

‘some detail the use of traditional methods in vertical equating situations and

.

Yor, 4

<
the inherent problems. .
. ..

The interest in item response theory (IRT) during the past decade has
focuséd researcﬂ%rs’ attention on the advantages, both theoretical and practical,
" that IRT'mith offer'to the equati}g process. Recently,.a number of research

studies 'investigating the feasibility of using IRT equating have been performed.

8

Also, a mumbgr of large scale.testing'programs are either presently using IRT -

F

equating methodd or contemplating their use in the near future. Therefore it ’

A} .

”"‘"f( wig deetied useful at this point~in“time“to;summarize both what has been learngg

[ J .
o 3 - . ’ N /
® thus far and what we still need to ledrn about the use of IRT equatfng methods. é“
N . ’ o S
¥

- ’ The purposes of this paper are five~fold; to discuss 1) When IRT equating .
o .

-
.

methods should provide better results than-traditional methods, ;4d when traditional

L3

methods should quzgse‘ 2) In those instances when IRT methods should prbvide
better qg%plts, whlch IRT model, the three-parameter logistic or the ene-parameter

~ ~
- ¢

iog1st1c (Rasch), is the most reasonable to use, 3) What unique contributions .

- .

v can IRT methods offer the equa in process, 4)'What work has been done, at ETS
q % g :

-

and elsewhere, that relates to the confidence that can be placed in the IRT

3 & F .

.




equating :ékelts, and 5) What unresolved isFues exist in the, application of item

response theory to the p{oﬁlem of equating tests. 4

In oréer to\accomplish the;e purpos;s, a @Ember of backgmgund topics will
first be diécuss 5 these.include 1) the formal definitions and'requirements of
‘eduaging’(Anéaz ,’1971; iord, 1%77; 1980) and the implications of these definiti;ns
for the equating that is normally done, 2) the basic priaziplefdf IRT equating,

and the theorg&icai advantages it offers over traditional methods, 3) basic

procedures for linking pargméter estimates and derivinglestimated true and
’ - . B
8.

~ observed score equatings using IRT, 4) the prgctical advantages to be gained.

 from using IRT equating rather than traditional equating in an operational
® .-

testing‘program, and 5),the dis;inction made'by Rentz #nd Bashaw (1977) between -

test development and test analysis agtivities, and why the distinction“is
L] f; . .

important in discussions of equating.

: [l

, 'Background Information
, . ot

.

’

Formal Requirements for Equating

B - 8
Angoff (1971) has delineated, in the ctontext of convgntional equating .

-

methdds, the basic requirements of equating; Lord (1977, 1980 has restated *and

-3

elaborated upon these requirements in a form that is both illuminating and:*
amenable .td a consideration of IRT méthods. These requirements will be dis-

cussed because they have a good deal of influence on what we realistically

LY
L

" should expect the équafing process to be able to do. According to Angoff
(1971), there are four- restrictions or reduirements to be met by the equating
process: 1) the i‘ﬁtruments in queétion should measure the s ame attribute, 2)

the‘resulting conversion should be independent of the data used in deriving it

and be applicable in all simila; situations, 35 scores on the two f£orms should,

&




h

_—

O
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E

"~ Re addressed when the test forms are parallel, and cites the definition of s

after équating, be interchangeable, in Jse, and 4) the equating should be symmetric,
. 5 r .
or thk same regardless of which form is designated as the base.* Angoff (1971) *

< < .
goes on to discuss, that equating; and the issue of unique conversions, can only . -

-

parallelism given by GulliKsen (1950): , o

-

"Two tests may be considered parallel forms if, , ,
after conversion to the same scale, their means,
standard deviations, and correlations with any and .

all outside criteria are equal."_ -
» . - " —

A number of comments can be made that should p?ove useful for the discus- : “w

sion that follows. ~Qne, while the first restriction requires that the two

forms measure, the same attribute, it is not stipilated that the attribute be
4 .

-

uﬁidimensional. While there are certain psychometrici‘ans,’ most *notably
Lumsden (1960, 1976), who question whether measurement is meadingful for
¢ - N

~ b .
non-unidimersional content domains, unidimensionality is nowhere specified

A}

in Angoff’s equating‘requiremeﬁts. Unidimensionality, or a close approximation
€ : |

”

- to it, will be a formal requirement of IRT:equating metﬁods, meading that

somewhat tighter restrictions os the nature of the test data must be met ~ s

for IRT applications. Two, the independenc; of the conversions from the data

used .for deriving them*falls short in practice aﬁ}t{me‘the groups taking .the

forms are not randémly equivalent samples from the poﬁulation for which the
gonJe;sions are to be relevant. This is, in fact, the usual situation in
equating, where frequently nop—random'groups, often_diffe}ing infability, takey
'the tStms to ber equated. Three, as pointed” olit by Angbf% (1971), the‘ériterion
of inte;gggngeibility of scores only holds when the forms are equally reliable.
Angoff also discus;es the prbcgss of score calibratio;,:which caé be used for

test forms of differing reliqbili%y. Thgggalibrated-gorﬁs can still be refer-

enced to the same scale, but (theoretically) not used interchangeably. -

L3

6; b .
; ! . . 3

Cen
[
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.

Lord (1977, 1980)lhes further' «clarified the abcveurestricﬁions, and in :

jod I4

. . . s Co , ‘o
doing so, has pointed out the theoretical advantages to be gained from_u31pg

. . f - H

IRT instead of traditional equating methods. Lord’s (1977) formal definition

L3 4 !

of equating reflects in greater detail Angoff’s third requirement, called
the equity requirement. . .
. L}

"Transformed scores y* and raw scores x can be
called ‘equated” if and only if it is a matter of .
indifference to each examinee whether he is to take
test X or test Y." * 7 )

4 LY

-L . e . M . . - . g . -
Under this definition, 1) tests measuring different traits or abilities can”t -

be equated (comparable -to Angoff’s first yestriction), 2) raw or obs}rveg
' . ' . D 3 .

13

scores on unequally reliable tests can’t be formally‘equatéd (Angdffiazgh%rd

restriction), but also 3) observed sgores on tests of varying difficult

~ y
canmot be equated. Lord (1977) states: R . ) /'

- Ty “If tests X and Y are of different difficulties,
the relatien between their’ true sdores is necessarily
nonkinear, because of floor afd cefling effects. If -
two tests have a non;}{near relation, it is implausible
-.that they should be equally reliable for all subgroups
of examinees. This leads to the awkward conclusion that,
strictly speaking, observed scores on <ests of 'different’
difficulty cannot be equated." ' - b e
' ’ ~ . o ¥ ;«,:"
N . . 4.
v Lord (1980) shows further that while the equity.;equiremeﬁﬁ’can be met
. . r

s

for perfectly reliable or infalliable test data (i$eﬁdyrugvscores), for

- . . : 4 y
observed score data the equity requirement can be met oply if the two forms
. M - » . .
T . {.
are truly parallel (i.e., equivalent item by item),.in which, case, equating
. . -t 0 :
would” not be necessary in the first place. 7 .
P ‘ v LR ‘ ’
~ - . ; ) .
While the above wotld seem to build the cdse thgs invtheory observed . .-
' - L4 ’ .
score equating is not possible under any circumstances, in practice, this._is

- 5

not true. Lord (1980) has notéd that in many practical sjtuations, different

» ~
-

forms of the same test have been develqéa@sto"ﬁe suﬁfiéiently parallel that
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L. traditional procedures yield good résults. There will be problems in practice,
+ -
o " : - -

fopﬁs to be equated are fot of the same difficulty

. -
. B . ., . . . ..
s = (i.e., vertical“equating situations) and observed scores are to b2 used, It
’_ S is for this reason, and also to satisfy Angoff’s restrictibn two (gpe conver= -

4

- sions éhould}be independent of the groups used to obtain- them), that IRT methods

[ -

solution of equating-probiems. . : .

’ . =~
. . .

. - . - - /

A ~

., [The basic underlying

-
.« *

examinee’s ability that i

P » :
placed on :the same scale,

being taken is no Llonger

ahilfty (8) metric for sc

« - ‘
«for equating: test forms.

“e
’ ¥

s - %

putposes,
~

r .

o ’ ‘y

application’ is as follows.

the assumptipons of ‘an IRT model, it is possible‘to obtain an estimate ‘of an

the examinee responds” to.
g o )

; [} . . .
easy oy hard-form of a test; his/her ability’ estimate obtained from both forms

parameter estimates, derived from indgpendent calgbratzonqj
. 7 B °
This linking process will be describad ‘in .the next sectiod.
. e . . LA :5’

» " X . . - Y
‘ For a v@allety.gof reasons, large

Ny “ % - € . . ' .
.guffer~the’same problem and often use a variety ®t direct qranﬁformat1dﬁs of the
- . b3 . [ ‘ .

I\

‘

4.

-

*
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Basic Principle of MRT- Equating ' - .

.

property of. IRT that makes it useful for équating

If the data being considered for the equating Eit

t

. <
.

of items (test form) that

. Ld

s independent of the subset

Hence, it does not matter if an examinee takes an

~

L] *

-will be identical, within sampliig error, once the parameter estimates are

Therefore th

.

of the forms_ .

' a [ . \

- -, - . ’ . .-
-Farther, if one 1s‘w1111ng’to use the

differences in difficulty
¢

a concemnn:
; .

ore reporting purposes, IRT eliminates tbe'neqd

All thaf‘remainq to be addressed is the placing of’
"on the same scale.
R N

- ) [

' .
ares df ten_unable

programs

cale festing

to report®scores using the Qbility metric, and'instead most continpe to report
£ C ] %, v

& Al
e .0 o . * . ‘ .
4 _ scaled scores in,a traditional manner even thodgh IRT has been used for equating

(Tests specifically developed using Igi'prgpeaﬁ;;s don’t usually -

- >

. . - \

/ -

Py

¢




-
" -

ability mgtric, see Wright, 1977:) At ETS, the redsonm for continuation of the .

-~

use of traditional scaled scores is that the scales existed long before IRT ‘

8
4

B .
. equating was considered, and the scales have properties that are accepted and . '

. understood by examinees, Fortunately, because any value of 6 can be mathe-

.
A S

L2 /
- -4§ . . P * ) . . . ’
. matically related to estimated ‘true scores on the two forms, a*situation exists . - | ‘

o whereby IRT equating of these estimated true scores can be utilized and, traditional

scaled scores reported. "Further, Lord (1980) points out that the three requi%e-
.‘n * s » <

A

.t
ments of the equating process, equity, invariance across groups, and symmetry, . .

-

- ’
IS ”

+
which are not met when observed scores are equated, are met when true (perfectly

. - .

reliable) scores are equated. Reﬁdg; test forms of decidedly diffwrent difficulties *
.. - »

. I P [N b~
. " can ?e equated if true scor’es are used, and furtﬁér, qhe<groups no longer hdve
.. . to be random in order to def}ve.an equating relatlonsﬂigithat is fqvariént 2 ; ~
’ . acro;s groups}(from the same population).--Th{S has prompted Lord (1977)'to_say ‘ .
. that "...conventional equating methods are noé gtrictly apprépriate when;non- “ "
. parallel tests having a non-li&ear re;ationship are adpinistered to non-equivalent’ .
grougs." . , r . " . . ) L °,'

¢

A 4

While t:e equating of IRT-derived true sScores would.seem to solve a

number of equating problems ‘that have been discussed, it should be noted that

in practice we work wi-th tfue score estimates, not the true scoreg, which . Con
remain .unknown values. Lgrd (1980) has pointed out: C
’ L 3 ' ) * &
. A ', 'However, an estimated true score does not s . . )
have the préperties of true scores; an estimate ) % ,
| - true ecore, after all, -is just .another kind of'~ t .
fallible observed score." . ‘
- - ) - N
~ While the'above is true, what is important to note is that observed scores and
estimated true scores are somewhat different fallible scores, incorporating
g .. . different kinds of error. Further, by selecting items that fit the IRT model
4 i ' . i : 2 '
.) N . and calibrating on large enough samples, we can insure that our true score . e
1] ’ N * . . . -
. ; . *
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C o ¢ { -
. i - . ‘
‘,‘ ' . >. A 1] _ .- '- - A . ~ . s
’ 'estimates’ are sukficiently closé to’the actual true values so as to derive.the .

. K M < ’ N .

'\ . M . .’ I3 t . - [

.o important benefits of the equating; thissis not so easily done with observed
-t ~ -, . p ,
. [ . ' - ., . . v

- scores. -In sum, while tire estimated true scome equating will .not be perfect,

.5 ' ] ~ - ," ’ ) :
it will of fer much.more' in problem equating situations (jv.e., test®forms

~, -
e L) '

»

varying greatly in di fficulty) then can be derived from conventional observed

’

score equating. : . . ' )
- - : . o
The IRT Equating Process L e .
¢ + IRT equating can be viewed simplistically as a two step process. Assuming

. . ]
>

that an IRT model has been, chosen, the first stép involves choosing an equating
- ' - i ’ ’

design and then dealing with the problem of getting parameter estimates from
= \?X ! 1 . * . \

1
. t

. . »
. separate calibration runs within this design gn the same scale. - (When using
s -

* certain computer programs

. ¢ -,
, such as LOGIST, it is often the Tase that all parameter

. ~ LY . .
estimation can be accomplished in a single calibration run.} The second step

involves performing the.actual equating; if a program can report scoresson the

. . . ) : .- .
ability metric, the equatipg has been accomplished. However, because many

+ : /

testing programs report, scores on some other scale, which is a transformation of "

LY
© » .
.

the raw score scale, the second step becomes necessary. .
=5 o . .

*There are essentially three equating designs used in IRT equating, and

these designs are analogous to the most'frequently used conventional designs-
' - . . 3 . ’

. )

~
.

- These désigns 4re referred to as the 1) single group, 2) randoy groups, and 3) -
. . - -, L .

.anchor test design. In the single group design, the same group takes both

N .

test forms to be equated. Because the same group takes both forms, differences L

s
. s LY

in test difficulty are not” confounded by differences in group’ abilities, and

’ f.' . . . . 3 SN ) LY . . . ‘.
because of this, conventional methods work quite well, provided the forms are Ot

'./ not of grossly differing difficulties. 1In 6hg random groups design, two ) -

4 . . ‘ * . ' .

'EMC-' . L L e
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, convergence in the. estimation procedure, ability parameter est1mates areﬁblaced

1 . R +
n .

randomly geiecte& groﬁps each take a-dffferent\erm of the test. If the groups
' -

are truly random groups (from the game populatlon" ‘they should be at equibalenb

.’ﬁl,llty levels,_-and once ggain, dlf‘feren& xn test, form d1ff1culty w111 not be

confounded by abilfty‘differences,land cqnvehtlonal methods should wqu'well
unless the forms are of grossly.differing difficultiea. In the third design,
’ 4 . . . N .

~ - ‘ . .
two different groups of exaa;nees take two different forms of a test; each form
. - . . . LI .

0 . .

.either contains @ common set of items or a common anchdr test is given with the-

forms. This is ﬁgrhaps the most 'frequently used design for Poth horizontal and
. @\ . - . -
verticdl equating situations. The groups do not hiave tp be random, and more

often-they are not; if conventional methods .are used, the common items are used

to ﬁﬁjgst for ability différences in the two groups. Depending both on the
g ' ' :

\

" differences in-difficulty of th forms and on the nature of the samples, this

2
f ~

ad justment may or may not be effective, and hence, for this design, IRT equating
- . . . A /

. . ‘
can be seen as a,very' att‘ctlve alternat;.}le.

v
-

- ] . .
.- As a means of clarifying the)need for .a separate step to place parameter

-
.

MR P

estimates on the same scale, consider the, follow1ng ‘situation®which, while not

-~
L

characteristic of a situation encdountered in equating applications, is quite
. G

M . . I3 4 . . . .
Ihstructive. .Suppose the same set of items jis given to twq,dlffeggit groups of

M . . A -
"‘ . ) ‘e . % . - N : .
examinees, and the parameters for these,items are estimated twice,_ once 1n one
. - ‘ .
.group and then separately in the other. Because the item cha acter13t1c curves

L

are supposedly 1ndependent of the groups used to derive them the expectatxon

.

woqld be that“the two sets "of item parameter estimates would be,identical,

' 1 R v

-

] ’ . . ' . . . . s '
except for sampling error; thls is not so. When item and ab11\$y parameters are
- R . , !

estimated sxmultaneously in the three-parameter log1st1c‘mode1 to ensure
- w e

\I
@ ,
. . 4 . " . o
on a scale with an arbitrarily chosen mean -and standard deviationm. The mean
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" also differ.

RANY

L2

If the two groups differ in ab111ty level

culties (or the
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F

i;lllty ig usually set to zero~and the-standard dev1atfon one, and the item

’ I3

parame:er estlmates (onlzaﬂ1ff1cu1ty and dlscrlminatzon) are adJusted accordlngly

\/‘ ~
the 1tem.parameter/est1mates wills «

LRI .

There will,-however, be ‘a- linear relationship between item diffi-

., . * TRE Lo . o -
6”s, which are on the same metrlg) estimated 1n the two groups, .
and this rélationship can be used to place‘all parametet‘eetimates on the same

. . ) ‘ )
scale. ’ , ' . o s
|

L] (\ - ’ v . . -
It, should'be clearly understood that when-all items are administered to a
y .

' L . . . ’
le group of ‘examinees and the parameters are estimated simultareously, the
] .

item parameters are on a common scale.

»
.

\
Jhen this is not the case, i.e., when

\ .
tdifferent sets of items are administered to the same group of examlnees and

" Af

calibra&ed separately, when the same set of items are given to different s

- * . P

"groups of examinees, ‘or when different sets of items are.administered to

I} . * .

different groups of examinees, the item parameLex estimates for the three- .
T4 .

parameter logistic model are not on 3 commoﬁ scale and must be adjusted. This¥#

¢ ’

ly for the following three situations: ™1) differemt

.

- -
ad justment 1s possi
v .

sets of items are a tered to the same group of examinees (common people are

3

available), 2)(the same set of items-are administered to different groups-of

examinees (common items are available), or '3) some items, that are the same

h A

(amehor test) and some items that are different are administered to different

/ -
groups of examinees (again common items are available, but only a subset of the\g\~)

' /

total).” Situations one and three are characteristic of those encountered in
practical IRT equating applications using the single group and anchor test .
N . A" - , » :
design. Situation two might be encountered when comparing parameter estimates

4 L 3

from prAtest. data with parameter estimates from.opefational‘form data. Appendix

T . v Vs
A of this paper describes in greater detail the procedures.used for placing item

LI

Q - . ) -




parameter estimates on_the same scale for the aboVé three s1tuat1ons using the

O

o e . ¢

ta

three-parameter and also the.phe-parametef logisbic model. _«Also contained in:

“a ) T v « 1 " M ~
4

e ) thls Append1x is an outline which delineates the plac1ng of the parameter oL
9 - .. ..

estimates on the same scale for the three equatxng de31gns d1§cu‘sed abqye..

o,

¢,
NI . As mentloned earl:er' 1f a test1ng program is unable to report ab111£y

. Jr - ° 4

- ’ ) est1mates to exam1nees, it 1s,p0331b1e to' translate any value .of 6 'to corres-

-

- N ' e P

ponding estimated true scores om the two’ foqma and use these est1mated true -

L4 ¢ . . . 14 : ' :
. Y sceres as equated scores. This procedure is described.in detail in Appendix B.

- ’

It is also possible to usé the estimated trug scores to generate a frequency
) . . '. . . ) T . - : ' ‘. y 1 . ) > ‘
d1str1but1on of estimated number rlght observed scores on the two test forms.

I3 >
-,

¥

.

These scores may then be equated us1ng trad1:1onal equlpercenclle methods. It

should be nq;ed that.while the 6°s estimated separately for two test fofﬁs

v cef —

share a 11near relat1onsh1p even if-the forms arg quite different in d1ff1cu1ty,
“ v - % . . . . =

. . A . . . .
the relationship between the estimated true Scores will certainly be non-linedr

* e

éf the forms differ in difficulty#’ The same will be true of the relationship’
‘ L] ' ) ‘ @
" Yo . -
. evidenced in the equating of the estimited observed score fredquency distributions.

- ] .
Because of the special nature,of:the Rasch model, it is possible to use *

o
.

the ability estimates obtained from a parameter estimation program to directly . -
’ ’ 5

L J
equate the actual observed scores. Like the other methods, this method is

- . A .
& . 4

also not without its problems. The procedure is described in’more detail in a -
, A} ﬁ. I - ’-
r o~ secfion of Appendix B, as are the problems involved with the procedure.
* ' LY N

. - RN .

~ -

‘

Practical Advantages ®f Using IRT Equating .

t o

Besides the theoretical advantage offered earlier for using IRT equating
o - . : - . .-
methods, i.e., it is the omly reasonable method to use when tests or test forms
” ‘ ’

of differing difficulty are given to non-random groups of differing abilities,

“ . . ' ~
. -

- L

[« . . . . N
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. - : . L o to
x there are aligAa number of practical advantages to be gained through the use of .
. " IRT. These inélude:, - Ny

v .
~ - o ’ ~
. BN

- "1.' ;pprévgg‘qguaZ?ﬁZ’“iqcluding better equating at the end of the scale
., o T s P e -
B ‘ N . ; 'C - - ) ’ - .. I3 .

o - where important dec181qns.are often made. As mepntioned before, it 1s
.“ © 4 ‘ - , ' ) . §. - N y. °
. possible tosequate estimated true scores for all‘values of 8, not
- ’ v .. - .

: just-those -gctually ebtdined from the data.

Jo . , o { .

. .. 2. ' Greater Cestfsecurify fa}ough less dependence on items in common with
< e “ 7 . . g’ .8

. . ’ i T
If old.forms of tests have calibrated itgmé'on

- el

[od

a gingle 61d form.

' . ¥

. ) < : : . * b ) i
th same(sc§1e, the’ common item block can come from multiple old

. forms: . . ' . - ) .
Il ’ T .

. . 3. "Easier re-equating should items be revised or deleted. Presently, .’
. > ' { .
‘ . * - . 17 .
‘when tradifgoﬁal equating methods are used, 1f there are revisions or
. > g . ’ .
. A - deletions-of a substantial nature, the revised ’form must be readmin-

@' .

. istergd fox, equating wpurposes. If IRT equating of estimated true

scores is used, the estimated true score for the reviséd test can be

L. go}tqn by simply summing over the Pi( 8 ) for those items left in the
‘ - . Y, & ~ .
« - - revised-form.

)

Lt ' S elhe possible reduction of bias or scale drift which may occur in
' . . . . ., /.

equating situations when traditional methods are used over time, "
most notably when the equating samples from the old and new forms are
) . -

not’randog-sémpfes (from the same popglati:L); This will be discussed
further,i; a Lat;r;sqggigp of. this paper. | . 7
Tt .Sa The p?ssibility of -pre-equating, or deri;ipg the relationship between %
e : the ;égt forms beford they are administered operationally. This ?s ; .
. o possible‘only when;bre-tept data is gvailaBTe: The use of IRT for

: ’ . "p ' -

_pre—equating. of fers a unique contribution that can’t be derived using

traditional methods: .

. . ’ f * .
> ¢

. \)‘ M co., "' [ . ) Lo - * . 16 - " . b
', - - - . . ;

,
. em ., . : © . # . : - . .
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- . Test Construction and Test Amalysis . .
\ : .
’ " In discussing the. problem of model-data fit for the Rasch model, Rentz : : .
- : ) v, *
-~ -, +and Bashaw (1975;,1977) delineated the differences between test construction
. . - [} ’
- . t
and test analysis activities, a distinction that will prove most useful in . ot
. v . -7
, . clarifying when IRT equating methods are more advantageous tB;ﬁ“ttaditional .
. e ‘. . ] . - .

,methods. In.test construction activities, the IRT model, in conjunction with
» - T :

: . content specifications, is used as‘a guide for selecting items on the test.
. ) . i
Poorly fitting items to the model can be discarded, and items of moderately

.

+ poor fit can be modified. Rentz and Bashaw (1977) state: "Thuyg, for this ) ,
] ‘ﬁpplication, indications of model-data fit are necessary for items, the . .
- T . . . v - f
'dﬁf presumption being that the final collaction of items will include only those ., .

T . N K B N s s . * .,
that meet whatever criteria for fit might be est@Iished.” Fbr purposes of a
discussion of équating, in this context), fest construction woulf mean that the
s . ‘
test to be equated and the base test Have IRT parameter estimates for irems .

«" .

.
.

that,fic the mgdel well or doderately well before équa;ing is even considered.
- N . Y . '

[, . . -

” In the test analysis situation, the final test form is fixed and badly .
. . ' ' c, ’ . " : <. "::.-r PO . . ' ’
fitting items can’t be: discarded. 'Rather, the objectivé’in this case 1s to

s . -

derive whatever benefits the model-is robust enough to provide, under posentiallyj
. less-than~ideal item fit ;ondipjbns." (Rentz and_Béaghwq.1977),, For equating .

-

- purposes, test analysis activities would refer to fitting an IRT modelto—— -
e - /7 V. e { i 3 — -

already existing new and base test data so that equating can be facilitated to
- 6 * ) o . ’ .
: through the use of IRT methods. It would seem reasonable, however, to consjder

. fitting an IRT model for equating purposes only if the IRT method of fered ° .
a'somet:hir}g over any of the non-IRT equating procedures. If-conventional ’ o~

v

procedures are'dégged adeqqgtg, and nothing additional can be derived from IRT

L\
[

préceduresJ then going to the expense of an IRT equating and dealing with the

- t . . .

- L ~

[d L I . .

: [y . _: B

" Q . . ’ - '

g " c - . .
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. and when should traditional methods suffice?

-

problems of non—fitgﬂpg items can be justified only in the weakest sense by

the fact that it can serve- as a check-on the conventional equating.

. " ”

-
» «

Discussio% Section

.
~

When should IRT equating methods provide better results~than traditional methods,

-~

&
In answering this question} three distinctions are useful.- These are 1)

0

Whether the equating is being dpne in a tést construction or test analysis

~mode, 2) Whether the test o‘\t:t forms to be, equated differ greatly in

dlfflculty (thls is §he usual' rizontal-vertical equating dlstlnctlon
{
although it is possible ég;hnis~test forms at the same level which differ
greatly ig difficuley), and‘3) What is the n%gure of the samples taking the-
. N'e .

tegts or test” forms. Aré they random gfbups from the same population; Ye they

.
)

are non-random, do they'hiffergg;eatly in the ability being measured?,

If the test forms to be equated have been specifically deéigned or con-

“structed using IRT test development procédures; then IRT methods should be used

for "equating. It would prpve impractical to throw away useful parameter 1nfor-
matlon and equate using trad1t1ona1 "methods. While it is true that the trad1t10nal

4 . . . .  ces ot

methods will work well if the tests do not d1ffer greatly in difficulty and the

groups in ability, IRT procedures "p}oéect" from the problems encountered when
- .,

this is not the case. The IRT equating methods should work t&erably weli

across all combinations of differences in test difficulty and group ab111ty

" -

Choice of spec1f1c IRT model for equating will be d1ctated by the cho1ce of thé

model used in the actual test construction ﬁrogesq. < .

. - v
“ .

1f the test forms have been assembled using standard test development

Y +
4

procedq;es (i€, , the test analysis mode), then IRT e&%ating\shOuld be considered




/

<.

o

g
Al ’

. ) - 17 -

~ ' By
.only in those~}nstancé§ where traditional methods do not work well.‘ These
instances include 1) vertical equating sfthabiYns, whe;e teskg diffeging in ’
. ¢ 4 - v
difficulty are given to groups of differing abilities or Z) horizontal équating
o - - - 0
situécions wpere test forms of differing difficulty Z§é given to nod—rando? o =

groups that may differ in ability (the usual anchor teseﬁgesign). Further, if

the test forms do not differ greatly in"difficulty but the groups are non-random L

groups from the same population, conventional methods, while working tolerably - )

well, will not insure that the equating results are generalizable to other

groups for whom the forms are appropriate:- IRT equating methods, used in this

.

instance, will insure generalizability, )3

-

In an attempt to clarify those instances in which IRT equating should °*

provide better résults than traditional methods,:entries have been placed in the
- - . .
- . . -

following two-yaf table: .-

v
¢

" Equating

-~ « . N . »
. Horizontal Vertical

Test ¢ =
Construcktion IRT IRT

Activity .

) ¢ Test . ' i -
Analysis " IRT or IRT 4(

» ) Conventionall

19

\ -

As substantiation for the above generalizations, a number of research ,
. !

. . !}
studies can be cited. Lord (1975), in comparing.traditional and IRT equating

for the three basic equating designs, found good correspondence between tradd tional

Qe - ; . 3 . '5 ) L J
and IRT gﬁuqtiﬁgs for tests not differing widely in difficulty wﬁen using’ the
} te ~ . .

~ k)

- -~
-

]

lThe choice of method should be determined through a consideration of the
differences in difficulty of the test forms, the differences in ability ' )
of Rﬁe groups, and the necessity for generalizable equating results.




S
&

~ - - — - - - - - - B —

not an issu rd761975)'didffind however, sbbstantial differences between
g%} / .

&
! conventional and IRT equa;tng for tests d1ffer1ng in A1ff1cu1ty g1Ven to non-

equivalent ggoups thﬁ uging an anchor\test approach. Marco, Petersen, and S .

2

Stewart %1979) also found that IRT methods were superior to trad1t1onal methods

when tests of d1ffer1ng d1ff1cu1ty were equated using an anchor test approach.

, -

' A number ﬁf researchers (Beard and Pettie, 1979; Golub-Sm1th 1980; .  Rentz and
. ‘
\ Bashaw, 1975,,1977) have confirmed the fact that traditional and IRT equatings
. 3 “ -
correspond well when a horizontal equating of test forms is done, even whin the®
- . « . ° ! %

.
7 « - . ‘

test forms were not specifically developed to fit a barticular IRT model. These

> 0 -

‘‘researchers havé been working with the Rasch model, and whlle the resqlts are

‘e

- encouraging in terms of suggesting the Rasch model is robust in equat1ng situations,

from a pract1cai standpbint, the fact that the méthods behave similarly suggests
! .

- “

continued use of cgnventional methods unless some additional benefits dccrue °.

from the IRT equating. v \////// -

£

W

: “. Whed IRT methods proville better results, which IRT model should be used?

~ : 4 ' .

B o Substantial recent research sheds .some light oo which IRT model to use . '

-

+ when performing vertical equating in test analysis situations. Slinde and -

Linn (1978; 1979), Loyd and Hoover (1980), and Kolen (1981) have degonstrated, o

R N . . 4 -
. .

e using either direct equating or indirect techniques, that the Rasch model is
1 . .
- N 3 . ) ) . L
- probably inappropriate for the vertical equating of tests not specifically  “#.. °*
.n - - 4 . . ’
. designed to fit the model. Gustafsson (1979a, 1979b) has pointed out one

. .
w - ~

' ’reaéon for the failare %g/the Rasch 'model in this situation. When%guessing'

. )

. :
behavior is present in the item responses for tests being vertically equated,

a-negative correlation results between traditional item difficulty and item .

- T . -
0 - R
. e . L] )

. - [ R [ . .

. . : i s . -




. l L - . -
dig¢chimination indices. Since'item difficulties are bound to differ for the

- . A

forms, the negativ:'qorrelation forces the discriminations to vary also, thereby
b{inging to test the eq;al ite? discrimination assumption of the Rasch model.
While the results of the study by Loyd and Hogver (1980) alsqQ demonstrate a
prdblém with the Ragch model for vertical equating situations, these agthors are

concerned that because the nature of the content specifications for the test
. . \

changes appreciably with level, there may be a problem of unidimensionality
across levels that is causing the failure of the Rasch model. The issues raised
by Gustafsson and Loyd and Hoover have implications as to whether the three-

paramet;?'logistic model should be better than the Rasch model for vertical

. equating. 1If, Ws pointed out by Gustafsson (1979b), the item discriminations s
4

-

vary across forms due’'to the existence of guessing, the three-parameter logistic

k]

model, which can handle .variation in item discriminations and also guessing,
should prove useful. If however, the problem is one of dimensionality, as Loyd

.and Hoover (1980) point out, no unidimensional IRT model can solve the problem..

L] » R

Further, while certain studies (Kolen, 1981; Marco, Petersen, and Stewart, 1979)

point to a superiority of the three-parameter logistic model in vertical equating
¢ ’ ) y ~ 0l c
.situations, there is always the problem of deciding on a criterion upon which to

t;jdﬂge which method i4§ Superaorl The results at present do seem Yo suggest,

. . e . _ .
-\ however, thht the three-parameter fbgistic'model offers -a-more viable altere§t1ye

. ‘for the vertical equating of approximatély unidimensidnal tests.

; In the horizontal equating of test forms in test analysis situations, IRT
. . ra

methods should be considered when the test forms®difféer somewhat in difficulty

and the groups are non-random and non-equivalent in nature, which usually
" occurs with anchor test designs. The results of the Marco, Petergen, and

Stewart study (1979) suggest that, for test forms that dﬁffer in difficulty
: . &
\

__[ER\/
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¢

developed from the same set of content specifications, the three-parameter

¥
\
~

logistic model is superior for equatjing purposes. Kolen (1981) has pointed out,
however, (as did Marco et al) that the criterion for judging the superiority of

]
“equating methods in their study may have been biased against certain of the

methods;

.

T For. the horizontal and vertical equating of test forms that have been

o J
specifically constructed to fit an IRT model, the choice of model for equating

. - .

follows automatiéally from the choice of model in the test construction process.

. Little has been specifically written, however, about which IRT model should !
' h )

prove superior in test construction activities for horizontal and vertical -
Ty

1Y

i - . . . [y .
- equating situations. The comments that follow -are gleaned from the research

) done on thé vertical and horizontal equat1ng of tests in a test analysis mode,
with the hopé that these resnlts genera11ze to test construction activities. It

" would appeér that for test formé Heveloped from the same set of test spec{fi—

-
v .
> 4

P \ ' © - .
catlons, either’ the Rasch or three~parameter logistic model Cj? be used in the

-

¥ tést construction process. of coursé, the added assumptions of the Rasch model,
- N

%
equal-{tem discriminations and no guessing, must be dealt -with, but if the
. . : , .
developer has reasonable flexibility to choose fitting items and still meet the

original (dr slightly revised) content specifications, the Rasch model is

.
—~ . PR 3 -

viable. 1In fact, it would be to the developer’s best interest to use:ch?r&asch

model whenever pogsible because of jthe peasurement consequences that result.

~
When tests or test forms are being developed t¢ purposely test at different

’
-

‘ G P pe . . >

levels however, the rdature of fhe”content specifications myst also chdnge .
-\ - .

somewhat across levels (see Slinde and £imm, 1977); and because of this fact, it
\ . , .
‘will be a much more difficult task to prepare items that measure the content

»

» L P .
specifications, are at a difficulty level appropriate for the level being

{ ’




’ i ’

tested, and at the same time, are equally discriminating across all levels. It ;
. s . (P
) should be noted that if this is not possible, certain researchers‘ﬁLumsden, .

' -

. ‘ 'f978} Wood, 1978) would say that there is a dimensionality‘problem. According

B
M

to kumsden'(l978), "Test scaiing models are selfd¢ontradictory if they assert

both unidimensionality and different slopes'in th& item characteristic curves."
, :

.
.

A similar conclusion may result, however, frdm purely content considerationms.
. . = * ) §.>

Is it reasonable tq expect the assumption of unidimensionaIid&,to underlie a set
- 3 N N

P N .
’ of test forms designed to te§éaindividhals at grossly different levels of | 1
) Y
ability? 1In sum, thesissue in vertical test construq;ion situdtions may not
. \

H ’
. ultimately be whether the three-parameter logistic model is more yiable'than the .
: k]

Rasch model, .but whether any IRT model is appropriate. This of course is an .

.

' , . s . T i - -
equally reasonable question to pose for vertical equating in test analysis '~

. ¢ . ‘
situations. ,

v ° . S

- -
[]

What unique contributions can IRT methods offer the equating process?

Y . ¢ .
. 7 ‘There are at least three situations in which IRT methods can make a .

.

. ) . . - ., . »
unique contribution to the process of«test equating; that 1s, an equating can

be accomplished that would have been either impossible or of minimal utility. -

. v e LI o

when using conventional methods, . .
. - .o . . ) . v
- " 7 ' The first of these-situations involves the pre-equating of test forms.

Pre-equating refers to the process of establishing equating conversions between
s . .

a new form add a base form or forms prior to the time the mew form is admin-,

- . . ., 4
- - " istered. The process depen&s on the adequaté, pretesting of a pool of items
- from which the new test form wiil be built, the calibration“of these items
. . t‘ \ R
using IRT methods, and the utilization of a linking scheme to place the IRT
; <
:: parameters from the pretested items all on the same scale and also on the same
. PO - ) -
. * ' -t o
I B ' 23 . ) '
Q . ' . . .

7 . e
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“? Y scale as thg‘oldcfprm(s). The process of pre-equating ig-presently under = %g" i
¢ R » - T o .. v ( \
, ".investigation at ETS because at least three very important outcomes accrue
. o A * .

from the propcess. ' One,> IRT-based pre-equating is unaffcted by the possible’

’ - v J

future problem of revealing common'item equating sections under disclosure .

. ‘ 'tfggislaéion because there would be no need f;r thesé s;ctions’ﬁn‘the first - o /_ ]
place! Twa, since éq{uatl}}ng“us{n'g IRT pre—gquatin me thods ;':sl,.ssible prior . i

- to ghe‘actual administf%t§on of the test, new test formyg can<be intrpduced ;t i
' low.volume adminisfrationg; a particular prob}ep if conventional methohs had °* ' g

to, be wused. Threé, pre-equ;ting removes the equating proces$ from ;hg score . ' - |

reporting cycle (the period Efdm the time the test is administered to the time '/

scores are reported), thereby minimizing the chance of equating errors and at
\ 1
. . . . IR IS
the same ‘time freeing up time for other psycthetrlc activities., /
‘ ~ . ' N

-

[y

!

. £

< - , .
A sécgdﬁ unique contribution of IRT to the test equating process involves
- B 4 . - h
equating tests that do not contain common -items and,‘at present, can’t be pre-

!

‘equated. As an example, consider the following. Each October, two forms

of the Preliq{nary Scholastic Aptitude Test/Nationaleerit Scholarship Qualifyiﬁg

Test (PéAT/NMSgI) are administered, and for security reasons, the two forms

contain no common items. As a result, the two forms are not‘equated'fo“éach

. . R * P
other;, but are both equated to the same two old SAT test forms. Comparability .

of scores across the two forms is thus established jindirectly through a mutual

L3

rélétioqshfb with the SAT. forms. It. would oBviously be more desirable to effect

a direct form-to-form equating rather than depend on the indirect equating J :

presently usefiE‘If the data collected at the two adm&eisﬁrations can be arranged

N

as in Figure 1,-it-is 'Jﬁossm.b'l:e, using LOGIST, to estimake all item and 'abilily

s

parameters in, a sipgle computer run. Hence, item éarémeters for both PSAT/NMSQT ’ .

) -

» '
Lo . - : ' ,
. . ;2¢4 ! “ . -

--EN{C‘ ) . ’ ..

- - T
¥ .

B forms will be on the same scale, thus providing a direct equating of the ability : T



LY

« ‘ -~ . - . ; .
‘ & - 2. - . * ~ vt % l s
Ny . . # “ - e
) ) T . . L )
XPSAT/NﬂSQT PSAT/NMSQT PSAT /NMSQT PSAT/NMSQT E PSA?[NMSQT PSAT /NMSQT ° SAT . SAT * e
. Form 1 - Form 1 ~ Form 1 = *| . -Form 2. 7| Form 2 - Form 2 = First ™ Second X
Grou Unique | SAT First SAT Second . Unique SAT First SAT Second 0ld 01d PR
Ahdis Iteas 0ld Form 0l1d Form |} -, 4tems’ "~ { 0ld Form Old Form .| Form * Form %
» o s Common Gommon , .o .| Common " Common “Unique - Unique .\
. -0 Items Items -~ |7 . . | Items . * Items Items . 1tems
n=20 . - n=22 * n=23 4 | e n=19 . n=23 n=23 .| n=&0 . n=39
.o : > — T . ; -
PSAT/ . . o - , . )
NMSQT . + . ‘ e Not . Not Not - Not Not ’
Form 1 X v X X Keached Reached ‘Reached Reached Reachied
. ru— N i «
PSAT/ : 0 : ' : R rd
NMSQT Not Not ~ Not - - . . ’ Nots Not ™ !
Form 2 Rgached - Reached " Reached " | 1+ . X ’ X X Keached | Reached ..
” . - . s . * o . v
) 4 L s
gAT . - o ‘ . Lyl O
First -7 . ;o / . 55 |
0l1d . Not : »~ _ Not Not T . “Not . ) s Not . .
Form Rezched ] X Reached Reached . X Reathegd X _:rReac“ag
SAT Lo T )
Second o S ‘ . . - - . .
0ld ' Not Not AR _ . Not Not ‘ U Not .
Form . Reached Reached X Reached Reached D S Reached CXE ..
" { L] . . % .,
Figure 1: Calibration Plan for Direct IRT Equatiﬁé of PSAT/NMSQT Form 1 Verbal Section to PSAT/NMSQT Form 2

-

Verbal Section. The eptire matrix represents a‘single calibration run. Crosses indicate items - .
that examinee groups were actually exposed te. Each PSAT/NMSQT and SAT sﬁﬂﬂlﬁ coptains approximately -
2,000 cases. * .o . ] : ‘ .




. . » _ .
estimates. An equating of estimated true. scores or estimated observed.score
S A ' " ' N\ . .
frequency d1str1but10ns automat1cally follows. The fesults'of doing the above I -
L . . .
. . have been reported by "Cook, Dunbar, and E1gnor (1981).

~ »
L. .

The final nn1que contr1but1on of IRT to the equat1ng process involves tle

.
4 * T ‘

equating of a test comprxsed of items from a locally'develd$ed item bank' to a

P . v . . -
L4

.

. standardized norm-referenced test that has national norms data. Any test made

v ’ - a
v 1Y 4 \ “
. - . . -~ \

*up of items from the item bank qay then be used in conjunction with the norms

~

data, provided the items [from the bank have been calibrated and placed or the

sanfe underlying scale. The items &omprising the test can then be matched to the .
/ - ‘3 - -

- measuremént need (for instance, pretest or posttest) and the norms data can ‘be

psed for evajuation of pupil g{gzih;- Holmes (1980) has‘investigated the above -

procedure for use in Title I evaluations, using the %ﬁe?yarameter logistic or

~ ——

- kasch model. . Thauikocedure, based upon what was documented in the Holmes , )

*

N ’ - . '

~

: s |, report, is as follows:

.
.

-

I'. A local item bank testing relevant content taught in a district or,
. -

\
’

- system 1is developed. An IRT model is fit to the_ items (the content . ‘

domain must be reasonany un1d1mens1ona1) based on pre—test data,

-
- -

and alL the patameter estimates are placed on the same scale. S 5@

- z

L. 1 . 2. A norm-referenced test whlch tests comparable contenthhd has repre-:

i
sentative nat1ona1 norms 1is, Selected ..

.’ & - . 9_
ST ’ 3. A test built from the local item bank and he norm-referenced test

. . oy .
o LA : :
4

<L, are’adhinistexed co‘theéggme group of :jayinees. ' : S
. . . - C o e e L. > . , v

. " 4. All items from both tests are calibratéd together. For a particular

- . v -
- ! ‘. ¢ . N . . c e ¢

. - item bank test score, the equivalent ability estimate can be determined. N
. . ‘ - e P e , -

. N In turn, this estimate and the item parameters for the norm-referehced e’

e . . . i
- O I )

i - test allow the determlnatlié,?f the equ1va1ent ‘normed test score. |

’

‘e

[ ’ - . - P
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This is done for the range of item bank tést scores, which in tbtal

¢ .

. . . . v -
comprises an IRT (estimated_true.scére) equating of Sﬂqres-on both .’

tests. - ' ‘ ‘ ‘ ) v

i, . .

5. Each equated normed tg't score has a perceptile rank associated with
it that can be converted into a Normal Curve Equivalent (NCE) score:

¥

required for Title I.evaluation purposes. These percentile ranks can

be determined through interpolation of the raw score to percentile

norms table provided with the normed test. ;

3 ~
6. 'The equated item bank test scores are translated into item bank

ability estimates using the ita% parameter estimates-already im

T

e§istence for all the items from the pre-test data. ’
. - ) . v

. o N .
7. The end result is a one-to-one correspondence between total item

-

bank abitity estimates and NCE units, to be used fot evaluation

A}

3 it
purposes.

* . < -

8. Any possible subset of items from the bank selected for a parEicélar ,

’
. -

. M -
purpose results in measurement on the common ‘ability metric which can

. .
be Telated to the NCE units. Tests that measure relevant local

-

content and are peaked to prowide maximum informatidn for the examinee

group can’ then" be developed and administered with the resulting

. 1]
measurement of growth on the mandated NCE scale.

-

A

.

The unique aspect of this process is not'thefeqhating of a locally dé@eloped

4
. - . ’

test to a nhtioqally normed test (this could be done using conventional methods),

-~

but the equating of the local bank ability scale to the norm-referenced test.

Without having done this, each lacally developed test would Have to be equated,;
: ° ' $

rather than the equating being done only once. . .
. o 7 , ‘

*

It should be noted that a major concern ey
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samples and then compared his equated score frequehcy distributions with these;

ERIC

o T .

T - . . : .
. . . .
v " .
. . ‘
L - i -
. . - -~

report was fit of the data to the Rasch model. While we also share a similar .

4
g
-

congern, eibressed further in a later section of the paper, nothing precludes

- . . .
« .

the use the thrée‘parameter model in.Holmesf study. The equating done was not
the actual raw to raw equating Ehrough,eetiﬁﬁfed abilities that can be done only ,

with the Rasch model, 'but instead, estimated true score equating, which can be

done with any of the models. -

- . .

What has been done that reiates to the confidence that can be placed im IRT
. LS

equating results? : e

»

-The problem involved in evaluating the results of any IRT equating concerns:

the criterion measure. Since nobody evef knows what the triie equating may be, .
i.e., the best criterion against which’ to Ju@ge the results of the actual

equat1ng, other criterion measures have often Jeen deviged; these vary in degree

0f complgx1ty and in assumptions ‘made. In situations where[convent1ona1 equating

methods are known to function well or have been in existence.gor some time, the

>
« ! -

= ; . Q. f (1 . & . ) .
results of the cconventional method(s) forms aj terion against which the IRT

s o o .
equating may be'evaluated (see Lord, 1975; Beard and Pettie, 1979; Rentz and

LS . . -

Bashaw, 1977; Golub-$mith, 1980; Marco, 1977; Woods and Wiley, 1977, 1978). 1In

other situationd, the test itself may form a criterion; that s, the test is e

equated to itself (see Lord, 1975, 1977; Marco, Petersen, and Stewart, 1979).’"'

To the extent that the equating results-coincide:wi;h.expectation,‘one°h8; )
cénfidence iJ the method. In other situatioﬁs, pne can use stab{iity of equating' .
nathe; than accuracy of equating as a criterion measure for evaluatﬁve purposes. |
Kolen (1981) crossSvalidated his equat1ng results with random samples of 1nd1vxquals
More spec1f1ca11y, he’ formed frequency d1s;r}but}ons for.h1s random_cross-validation °

a mean squared difference between scores with idertical percentile ranks was
B

2

“r
E € vaen




_used for evaluative purposes., Loyd -and Hoover" (1980) formed a somewhat different

- \‘ © .;

. criterion again&t‘which to ‘evdlute the results of their study, ‘which involved

. N .

‘theruse of the Rasch model inuue;ticaliequating of forms pivéen to examinee
, - groups of differing abilities; They equated the same forms ééing,groups of -
o comparable abilities. A comparison of the two equatings then aliows one to
B . " ascertain whether the results. obtained were greate; than those expected from N

e B P s

-simple sampling differences in parameter estrmates obtained for groups of -

. ccmparable abllities. . . . ;

.
3 ‘ .

Another way to gain confidence in IRT or cdaventional equating'results is

., through a consideration of ,the scale drift that’ occurs’ when multiple forms of

, .
3 PR . .

a test are equated over time; Scale drift will have occured if the results

Yj»‘ of equating Form A to Fdrm‘D;is not the same as that obtained hy equating Form .
- v -~ - -
A to Form D through 1nterven1ng Forms B and C. One would have "confidence in -

¢ L4

the.equating method that resulted in the least scale drift. A problem with

' the above example is that there is no good way of know1ng which equating . 4
method was ‘best for directly ‘equating Form A to Form D. An excellent“way of
N de -
L. dealing with this problem 13’through the use of a circular closed chain, as o

depicted in Figure 2. Form V4, which has previously been put on scale, can
be\equated to itseif through the five intervening forms. Any ﬁiscrepancy
- . » between the transformatidn o;tainedjrrom the circular chain of equatings ‘ ‘ .
’ and the initial-V4 ;cale could be attributed to-'scale drift: One would then
. .

“have confidence in the equating method tirat resulted in the least discrepancy .

‘ between the initial ‘'scale of~V4 and the|scale resulting from the chain of

equatinng A study comparing scale drift for IRT and conventrbnal equating

methods applied to aptitude test data has been done by Petersen, Cook and,
. =
= Stocking (1981). A similargstudy using achievemebnt test data is présently . --— - - —

[N *
¢ * - . .
L I [y
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Verbal Aptitude Test Equating CHain Taken from Petersen, Cook,

Stocking Stgdy (1981)
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lDenotes operational verbal test form.
2Denotes common item equating section.
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being conducted at ETS.’

In sum, a number of ways -havé been devised for evaldating IRT and

conventional equating results. “These methods can be viewed as practical

solutions to the problem that one néver knows what the true or best equating
. +

in a particular situation.

4

criterion is
.

4
What are the unresolved issues that relate to IRT equating?

There are two varieties of unresolved issues involving IRT equating. One

set of issues has to do with the mechanics of IRT equating, and these may be

o N

called direct equating issues. The other set of issues has to do with “the use

. .

o L . 4 * o N
of IRT in the test construction process, and how this then relates to IRT

Y

equating. These are more indisec; issues, such as dimensionality, but they do

: . 3
influence what can be reasonably expected from an IRT equating. These indirect

issues will be touched upon briefly, and thén the more direct equating issues

discussed in some detail.

-
*

Most of .the IRT test construction work has been done using the Rasch model.

v

Advocates of using the Rasch model in test construction situations stress that

. ., e .. . .
- the most important criterion in deciding upon items for a test is goodness of

* 3

fit of the items to the model (Rentz.and Rentz, 1978). Recently,'two levels of|.

. C -
concern have been voiced reflecting this focus on goodness of fit. Wood (1978)

. <

and Whirely (1977) are concerned that this focus will necessarily restrict

meagsurement to domains that, whilewunidimensional, do not necessarily measure
A Y

R >

A

what we really want to measure. Gustafsson (1979a), on the other hand, i§

concerred that the usuafly applied Rasch goodness of fit tests are not sensitive
- . . . ' ' L. :
to multidimensionality among the items, and advocates the application of a

number of other tests sensitive to violations of unidimensionality. Finally,
L N
. L]

|




' . 5 . - 30 - . 'f v
’,v; - . . . K . ) o i ’ . 7 .
Py Wood . (1978)>has fitt;d Fand&m“¢ata to the Rasch model gnd was not stopped by the ]
) ugual gbodness of fit tests. ~While nbt,wantihg E; enter further into a debate .
.- . ] N

about the use of goodness of fit tests to construct unidimensional tests, we

’ 3

- . shall note from, the above that the use of “IRT equating in test construction
14

i “

“activities may n{éle as straightforward as suggested. If the constructed tests

- i ’r . .
are not unidimensional, then the issue becomes exactly the same as that addressed

in the test analysis mode--namely, how robust is IRT to violations of assumptions

in equating situations. Hence, unless the process of test construction leads to

a unidimensional domain of meaningful content, IRT equating procedures must be

4 /‘

considered in a different light, no longer as a natural outcome of the test

N

. development process. ‘ ‘ A

THere are a number of mdre direct unresolved issues that will be addressed

. next. 'Many of these issues have ‘come to the front in the IRT equating work

that ig ongoing at ETS. When using the three-parsmeter-logistic model for
ejuating, two specific issues have come up. One has to do with the type of . .

score to be equated when ability estimates cannot be used for reporting purposes. s
-~ . -~ r

. s . . - m,
This is particularly a problem for testing progffams that havé a Tong history of

¢

- use of a particular scale and forms placed on that scale through conven;iengl\¥

observed formula score equating. When IRT equating is done,; should the relatibn-

+ ship between estimated number right true scorés, estimated true formula scores,
ght trug scores,

or estimated number right observed score frequency distributiomns on th new and
LIS . . '
.- base forms, be used to place the'new form on scale? - Ideally, the relation-
. . »

N
N

ship between estimated observed formula score frequency distributions should be
. = s
used}\but this relationship is unobtainable using IRT methods. The second issue

- . ,

‘has to do with which calibration design ig best for linking parameter estimatés
-  -—-. —for whéch gort- of data. <hi explained in Appendix A, there are essentially .

” . .
' ’
o .

T e . ' 33 T
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! ) three methods of getting parameter estimates on the same scale using LOGIST
M - bt A‘ . . . M ' .
: with’anchor test designg. Method one, called concurrent calibration, involves .

.

running all the data in oné‘iOGIST run, treating data for-a particular group

on the form not taken as not reached.* (Figure 1 représents a concurrent
. <

. - 0y

. calibration ryn.) Method two jinvolves fixing the difficultiés for the common
. : { .

items injthe second calibration run at the values estimated in the first - - .

1 . °
.

calibration rfuh. Method.three involves estimating ghe parameters separately ‘ ’
a ! ) ’ ‘ ’

in two calibration runs and then using the relationship between the difficulty

paramgters for the common items to place all parameter estimates on the same °

. scale. Experiﬁéntation at"ETS wifh these methods seems to suggest that no one

method is unifgrmally best, but that the choice of method seems to vary with the

\ . . . ; o : .
data set, : ‘
N . ;
Another issue presently of interest has to-dp with the one-parameter '

! [ Y -

logistic model, where essentially two separate IRT equating procedures can be

useds One procedure, used.by Rentz and Bashaw (¥975Y and Loyd’and~Hoove}

-~

-~
(1980), is based on the direct relationship between Rasch model observed scores
$’ » o)
and ability estimates. Observed scores on test forms corresponding to the

same ability estimate are -considered equated. The otﬁer‘procedure, used by
Kolen (1981), corresponds to that usually used for the three~parameter logistic
- i y

. (Y L4 M
K model, where there is no direct relationdhip between observed score and ability.

] ] .
For any particular ability, knowledgé of the item parameter estimates for each

?
- Fi rd

s form allows generation of estimated frue scores, which can be considered equated .1~

(see Appendix B). From these estimated true scores, fre&uency distributions of
. , . § b
estimated observed scores may be generated and equated using conventional .

equipercentife‘methods: While the first procedure mentioned above is straight=

. <

forward, there is a problem if for & particular ability level, qbrrésponding

® - - T - T T T -

v\)‘/.‘- ‘ g ’34 T '
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2

. ) s - i : s
lnteger raw scores do.not exist on the two forms. With the other procedure, the

v . .

. e, — . g > .
problem of missing data does not exist because the estimated trie score relatg§hf

ship can be determined for any ability, level, not just ‘those ability estimates
- ¢ . 1

derived from the data. Of interest is which procedure would be best to use in .

which situation. . . g’ .

-

There are a number of other issues of a more general nature that.will be

» " .
briefly mentioned. One has "to do with.the demonstration of unidimensionality
. ’ .

. . M . . &
for tests being vertically equated.., For a variety of reasons, the assumption
of unidimensionality can be violated for tests that are intgntionﬁlly built to

. . ". \ ] . ’ , i s *
vary in difficulty, and procedures need to be considered that address this

concern. Another issue has to do with determining which types of test data

IR? equaging procedures will work best with and what types are problematic.

@

While this can be viewed as a-dimensionality issue, a robustness issue, or
both, there is more to it. .It is conceivable that IRT equating will be of

differential utility for a variety of tests, all of which-.do not greatly
- ‘

violate the assumption of unidimensionality. It would be useful to know for

which kinds of tests IRT equating works best and for which it gives the poorégé

results. Finally, an issue presently 4f interest at ETS is how to determine or,
- . . '

eqtablish 4 base

[y

|
scale when using IRT procedures. .As mentioned earlier, for a-

-

varie;y of tests, ETS is locked into usihg_a previoggiy established scale, The

’
.

issue of a new scale would present itself if eigher a new, program were being -

introduced or a-decision were made to chapge content specifications an existing

» . ’

' : °
tests to the extent that' equating was no longer possible and perpetuation of the

I

existing scale unreasonable. Should scores then be reported on the ability
. . )

metric, some ;inear‘transformation of thdt scale, the estimated true score

[
[ -
] . © N bt

scale, or the estimated observed score-scale? Of interest is the generation of

.
a
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. '

arguments in favor of each scale so that an.informed decision can be made,
. - p -

. tt -

)

ConcluBions

. .

The purpose of this paper was to address, using avai%able research, some

practical issues relating to IRT equating procedures. The outcome of the paper

. - e © .

is most likely that we have brought up’ more issues yet to be resolved than we

.

4

have clafified existing issues. This }s undoubtedly due to what is presently
. ; £

’

known about IRT equating procedures. Hopefully as more IRT equating research is

done the questions posed in this‘paper will come to be resolved.

3
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R ’ Scaling Parameters -- Three-Parameter Logistic Model \ ‘ L.
. . ‘ ~ B ’ ) % ' :
S T ’ . ’ a3
- Situatim} 1. Two different sets of iterds (Fom % and Form Y) are given
i . to the same group of _examinees S e .
: R . H A ~ a. Calculateo -M LIFY sDe y Me , Sbe
: : ' KRN Y - e
’ - where X and Y designate Forms X and Y and M and SD .
represent the means and standard, deviations of 8's . . e
(ability parameters) estimated by the two test forms.
¢ .o - b. If the assumptions of the model are met, the 8's will N
X ’ - have the following iinear relaticnship: .
; . ~ GY = Aex + B . ‘ ' . (1). g e
. ! ’ sD ‘ . [ ‘ “ - < 7
NN OY ' T N
C oL . whereA=-S-D—— . o
. ex_ , B ’ ’
and B = M. - AM ' : - ‘
. ' ) ' . GY ex
- c. The item parameters. are adjusted as follows; .
- £ 2 = 2
c c '
g g "o )
* o T . 3)
. a =a -
g 8 o .
- b -3B (4)
v ) b* - B . -
g A . !
. . e ~y - .
: Situation 2. The same set of items is given to two different ‘groups of '
! : ) examinees (Group A ‘and’ Group B) - -
) + Calculate: M.b s SD,°, y SD, .
! ’ x by Mb) by o
. / ] ) . N ) , AN -
; where M and SD repres means and standdrd deviatioms, -
- the subscripts A ahd B represent groups and ,P represents -
- the item difficulty parameter. - \ ! ) .
.. \ ’ ,
. . o b. If the.ass tions of ‘%E 'modfl are” “met,  the b's, wi;l.l ; C
N L N\, have the following linear re ationship . - .
F . ‘ \ *
. g\ . . ... - )
) - i -~




. "" A ‘\‘
bB T AbA + B ) . (5) .
" - T ’ [ ) - ¥
M C 3
SDbB "y - R . ‘:

where, A = -S-ﬁ-— . { ) -

Y . A . - . - . ‘ pros
and- - : 7 ”..

. B = g , ~ . " - ) « .
o S M.DB AM.bA ) ’ .
R o - \ " . . . - o . “
v . ! . c. 'I'he item- discrimination (a ) and psue&o guessing . .
T ; < ) Paramecers (c ) as wdll as abilicy estimates (6 )
are adjusted as follows: - :
. - . L 4 . * . _ (6) X
c = .
) g g . - .
B
a =‘al 7
g 8 _ (qg
-0 ; . (8_ = B) : )
- 6 = (8)

. ' ’ a A

: Situation 3. Some items that are the Same and some items that are

. - differems are administered to different groups of examinees '
. (Group A and Group B) .

.%

Expressions™5-8 can be used incthis situation. Linear . *
parameters (A and B) determined- from the common items -
- . given ‘to the two groups of examinees are used to adjust v R
all item parameter and ability estimates obtained for
one* of the forms to the scale of the second form. -

N a.

N - : - ..
/ b. The following is an alternative method that may be

. : - ‘used_ in this -situation.l
N - < * s . ) A
K L N i. Estimate parameters for Form Y and the common 1items -~
f ' _ ' using data obtained when the form was given to
T ~ Group B
W‘."r'r. . ’ . N E‘stima'te parameters for Form X and the common items - E
o o ) * using. data obtajhed when the form was given to
Y, . - Group A holdinglthe b values for the common items
» . fixed at estimated values obtained from Group B : i
. X 4 L L . X . £
, ' 441, This prpcedure ensures that Form X item parameters
. . " and ability estimates will be on the Form Y scale.
R : Sceling ‘Parameters —- One-Parameter Logistic Model )
y \ . ) ’ . AR AN ’ ¥
' Situation 1, Two different groups of it'ems (Form X and Form Y) are given
> . . to the same group of examinees R
' - - ) = ‘ i - . [UR i Ty
‘ . 5
) 1Not:‘ all computer pfograms have the capébilities, of accepting parameter . » _5

estimates from a previous run. LOGIST, the computer program used at
. EIS, does have, this capability. ° . : - .

- . - N i
o M LY . - ."
' : .41 o
'. - v x - - k] N v . "
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Caiculate: M

1

Calcula;e the linking constant, k = MG -M
. Y

o -
Adjust all ability parameters ‘ptimated by- Form X as
follows.

O

*
g =6_-
ho SR «

Adjust a3l Form X difficulty parameters as follows:
s ) - :

+k . e ) (9

»

* - "
b =b +k : . (10)
s ) -
Situation 2. Two different groups of items (Form X and.Form Y) along with:
) a.common set of items are given té two different groups of
. examinees (Group A and Group B)

a

v

a. Calculate: MbA, MH

where Mb and Mb refer to the mean easiness of the
B, '
common items giwven to the respectivd groups v

3

Calculate the linking constant, k = Mb -’Mb
Gy B A ¢ ,&;

Adjust'the form X }tem easiness parameters as follows:

b, =b +k *® - (11)
8 By . ,

Adjust all abiIity parameters estimated py Form X as
follows:

3

v

*

8 =0 +k o (12)
%" k& : '
Situation 3. The same set of items is given to two different groups of"-
. ) examinees (Group A afid- Group B) .

[y 1e

In this case, if one calculates Mb and Mﬁ based on all

[

the items, thé& will be equal within sampling error.
_Hence, there is no linking constant--- all parameter .
estimates are on the same scale without adjustment‘
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R o M *°° Equating Designs ' : L
:’.'-‘. ) A, Single Group Design ) . o -

-

O B iy

T 1. Two test forms are given to the game group of examinees

T ———

- igaﬂﬁ‘*ﬁfg$00nventional_;eEBBEEHGBrK“very*weli in this situation .
< © b, Simplest approach would be to estimate all item and

ability parameters in a single computer run

-
i. All item parameters and ability estimates will ' n
be on the.same scale '

{1, Estimated 6's obtained from the two forms will be

identical except .for sampling erszpor. If one is . .
2 . ' willing to report ability estimates to examinees,
', . <+ no further effort is necessary. .

. ’ *}V l '
c. Item parameter and ability estimates could be “obtained
in two separate computer rups -

1. This would necessitate placing item and ability'
parameter estimates on the same scale, Procedures
given for Situation 1 could be used for this purpose.

B. Random Groups Design

. =

‘1, Two randomly selected groups each take a different form of
the. same test R 4 f
* E4

4

- a. Conventional methods Work fairly well in this sitﬁatio; %
b. Assumption is that two groups are equivalent in ability

. . N T Could analyze the data in two separate computer runs and
S - " use the procedure described in Situation 1 to place
- . item and ability parpmeters on the same scale.
B L 4

R i» d. The following procedure could also be used -

A . i. Analyze ‘the data in £wo separate computer runs .

’ ~

4 11. Obtain a distribution of e s for each data set,

© . e.g. Form X given to Group A, Form Y given to
Group B

. iii. Equate the e's obtained from thé two runs by
' ordinary equipercentile methods © - i




e gy
-

>k>.:‘“v ! \0, ‘ ’ ’ 1

. b .
. ST e c. Anchor Test Design
B - M . . kel .
v . ! i
_ S 1. Two groups of examinees.take two different forms of a test,
o " but each form contains’ a common set of items B
. - 3 N N .

; B a.- Simplest: way to’accomplish the equating is to estimate
all item and ability parameters, together in a single

L, . - . computer- run X B
o , - e
' " b. The two-forms of the test tao be equated are considered
. ’ to be one long test consisting of items comprising !
. FomXandFormY

¢. All of the examinees in both groups (Group A and Group B)

) ) are assumed to have taken all of the items in both -7
test forms, where there are no responses, the items )
. , -are assymed 'to be not reached.l . »
) . . d. The item.parameter estimates for both ferms will be on
. , . ‘the Same ‘scale and ability estimates obtained from either
- . form will be equivalegt . .
- . N e. §;se item and ability parameters h been obtained .
ately for the test forms adminis to their
L respectiVe‘groups .
? i, B:dbédurés given for, Situation 3 could be used
. to place all item and ability parameters on the
. same scale ~
L4 T . 4 4 »
ii, An alternate pyocedure.would be to estimate the item
and ability pagaheters for Form Y given to Group B
2 ¢ Péllowing this/the item and ability parameters for
, . . Form X given-fo Group A would be estimated fixing
’ the item difficulty parameters. for the common set
‘ of -items econtained in Form ¥ at the values previously
. . o . obtained from the Form Y estimation procedure.
»’ N ’
L “ , .
s . . - !' "
. . . - &
> # ' W
. lThe computer program LOGIST used at ETS for parameter estimation .
. has the capability for dealing with these options; othex programs .
* do not. Hence parameter estimates derived from these programs
. mist be put on stale using the methox\ggsﬁribed previously in
= Situation 3. . )
¥ ’ ' h -
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~ o . T . .
R _ Alternatives to Equating Ability Estimates
- ' . ‘ i I - :A g’
b, \' . . A, Equating Estimated True Scores . . s
- . ? P} ‘. A ‘ . * 7 ! .
- ot . When reporting 6’s is not a viable alternative for a

) tegting program, it is possible to use the relationship between
) 8 and true score to obtain equated estimated number'right true
. ) scores . : .
- ' . 1. 1If Form X and Form Y are both measures of the same ability,
8, then their estimated number right true scores can be

] - ’ calculated as follows: T
& . . h ] . ) .nx A - ) . A .
A M N () @)
: T im] .. , - -
5 "y, "' -
T, = I P,(8) ’ ) P (2
: S Togm 3 :
. . . » .
: where, " . -
L . T); = Form X estimated true scoi:e for ;eﬁx{n 8 4
) . TY = Form Y estimated true score for ="given 6 ’
P and © P (e), Pj(e) are the Atem response functions for
' Aitems i, isl...nX (in Form %) and j, j*l...nY (in
- ‘ Form Y) respectively, using parameter estimates
2. Using expressions 1 and 2,-it is possible to.find an R
. estimatéd.number right true score on Form X that is equivalent -
v to an ‘estimated number right true score on Fofm Y for any
. given 0. R .
} ¥ It is also possible _to, use the parameter estimates to obtain K
N equated estimated true formula. scores - : .
,‘ : ‘ 1. Estimated true formula scores are calculated in a manner ]
' similar to that used to obtain estimated true scores: !
o . ‘
. ) « ~ nx A nx " T K it
o ) ‘ - Ry= I P.(8) -[f Q(8)l/a-1 - 3)
. ‘ RO =] 1o :
I , , - . .
R T P A
it ' RY = § P.(8)~-1[,2C .Qi(ell/A-l ' (4) .

= R jm C
. . . 45
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A L the number of choices per .item

4

/ RX = Form X estimated true formula score for a given ©

v Ry = Form Y estimated ‘ttue formula score for- a given 8

-3
and Qi(e), Qj(e) are equal to 1-21(8),

Pi(e), P,(8) are as defined previously' s

v l-?j(e), respectively - ‘
\ h ‘e
2. As was the’case for estimated number right true scores, it
is possible to find an estimated true formula score on
. Form ‘X that is equivalent to an estimated true formula score
on Form Y for any given 6. It should be noted that in both
instances, the equations implicitly assume, however, that
.every individual responds to all items; i.e., there are
no omissions or not reached items.

B. Equating Estigated Number Right Observed Score Frequency Distributions

A third possibility is to generate estimated number right
observed score distributions for Form X and Form Y and to equate
these observed «score distributions using ordinaty equipercentile
equating methods -

1. The frequency-distribution of number-right observed scores
for a given 9, f(x}e) is a.generalized binomial distribution
(gendall and Stuart, 1969, Section 5,10)., This distribution

/;, can be generated by the generating function.

n ° ' '

151 ®, +Q) . ' (5)

_ 2. Using the parameter estimates in P ‘%nd Qi’ the estimated

total group or mirginal distribution of number right observed
scores will be -

’

;o
f(x) = ¥ T f(xlea) ‘ (6)
’ a=1 .

where, a indexes examinees

C. Which type of Score is Mosf Appropriate

. 1. Estimated true scores have the following disadvantages:

a.— The possible range for true scoges is only from
n
T = Sy * ( the pseudo chance level) to T = n.l=Many
ial : . -

<

l‘I'h:i.s is; of course, a problem when the three-parameter logistic

model :f.s useo. o ) 1 46
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testing programs report scores below .this level and
therefore require an equating process that will provide
conversions for the lower level 'scores

o

_ A procedure exists forip oviding these conversions

ﬂetermine the mean and\standard deviation of .
scores below chance lev

%o oo

an—A— I ¢ = —
SR L TR

’ M, = the mean of ‘Form X scores below chance
level, N
8, = the variance of Form X scores below
<hance level, ‘
A = the number of choices per item, and
‘ ci = the psuedo guessing parameter for i;em i .

S

Equations 7 and 8 are repeated to determine g,
MY ( the mean of Form Y scores below chance level)

and Sé ( the variance of Form Y scores below
1

chance level), ‘ > -
« »
.Linear parameters for equating Form X scores *
below chance level to Form Y scores below/;hance
level are determined "as follows: : .

o T Y
7z : .

Sy

~An.——- . ’ (9
7= o | '
5%

My - A My (10)

This procedure may-also be used to determine the
linear parameters for equating number right true
scores below change level. In this case,
. iy , XX
» =;% c,and S, = I ¢, - c
- T X 1=1 T

2

The equipercentile equating of estimatéd number right observed
scores also has a disadvantage in that conversions obtained
from this type of equating may not be &pplicable, in the
strictest sense, to observed formula scores.  (Note that it

4‘?
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{s not possible to éénerate an estimated obpefved formula
score frequency distribution.)

D. Using Rasch 8 Estimates to Equate Actual Observed Scores

- - - Bacause oflthe.speci _nature of. the Rasch model (total .score is a.
sufficient statistic for estimaging ability, a monotounic relationship exists
between raw score and est ted{ability), it is possible to use the results -
of IRT parameter estimatign to direcfly equate actual number right observed
scores. This is the procedure used by Rentz and Bashaw (1975) in performing °
rhe raw score to raw sco;h equatings when applying the Rasch model to the
Anchor Test Study data. /It was also used by Loyd and Hoover (1980). The
steps listed below are synthesized from Rentz and Bashaw's.(1975)<Brocedure:
l. 1It.should first be noted that a conversion or scoring table is standargd
output from a Rasch parameter estimation program. This table lists
for every obtained raw score on the test the corresponding ability
estimate §. . ’ :
For the two tests to be equated (X and 1), there will be two conversion
tables, one relating x to 8, and the other y to Sy' . Suppose
further that one of the parameter scaling methodg has been used to
obtain 64", [.which is now on the same $cale as 8. (Y is the base
‘ test.) f
3. For each pps%ible score yj , find the score xj such that 6 - © * is
a ginimums N . : . . Yj Xy
\ n - L
4. The score %, that minimizes 6 - ex * is the equivalent score of
vy i 3 i .
There is a problem with the above procedure which results in what Rentz
and Bashaw (1975) refer to as "assignment error’. Assignment error occurs
when it is necessary to assign an examinee a raw score on the equated test
- .that is most equivalent to a raw score on the base test. §hppose, for instance,
that on the base test a raw score of 10 corresponded to a 6 of 2.0, and on the
equated test a raw score of 9 corresponded-to a § of 1.9 and a raw score of 10
to a 8 of 2.2. In this case, a raw score of 9 on the gquated test would be
. taken to be equivalgnt to a raw score of 10 on the base test because the § of,
1.9 is closest to 2.0. The assignmept error would be the differefce in these 8 “S.
Obvious)y, becguse of the discrete nature of raw scores, longer tests, having
more rzWw scores and 8°s, .will result in fewer assignment errors. However,
the saze sort of problem 4ould occur if there were missing data*(raw scores).
This speaks to the need for an adequate sample of examinees whose abilities
‘will cover the range of possible raw scores on the two test formg if this sort
of equating is to be considered. '
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